This study aims to evaluate the effect of water stress on growth, nutrients uptake and yield of maize grown under drip irrigation. For this purpose field experiment in a randomized complete block design (RCBD) was carried out at the Agricultural Experimental Station farm of the Faculty of Agriculture, Assiut University, Egypt during the during the summer seasons of 2014 and 2015. Maize plants were irrigated by 100 or 75% of water requirements (I 100 and I 75 ).
Introduction
It is well know that the water resources in Egypt are limited to the share of Egypt in the flow of the Nile River by 55.5 billion m 3 . The deep groundwater in the deserts (mostly non-renewable) and a small amount of rainfall in the northern coastal area and Sinai. Meanwhile, water demand is continually increasing due to population growth, industrial development and the increase of living standards. Because of population growth, the per capita share of water has dropped dramatically to less than1000 (about 700) m 3 /capita, which, by international standards, is considered the "water poverty limit". The value may even decrease to 584 m 3 /capita in the year 2025 (Abd El-Rahman, 2009). Water is the main limiting factor on yield production in the hot and dry summer period of semiarid regions. When water resources are a limiting factor in yield production, irrigation programs need to be applied to enable maximum production per unit of irrigation water. Deficit irrigation is one way of maximizing water use efficiency for higher yields per unit of irrigation water applied (Bekele and Tilahun, 2007) . Water scarcity in the next decades is a real threat to food production especially in arid and semi-arid areas where water is the limiting factor in the expansion of cultivated land. Therefore, water management that maximize yield per unit of water consumed by plant is highly desired. In Egypt, limitation of water resources coupled with high population forced to a great competition for water supply that makes conservation and efficient use of water obligatory (Ibrahim, 1999; Gaber, 2000) . This has stimulated the researchers to find new irrigation technologies, systems and irrigation strategies to improve water use efficiency. In modern irrigation systems, especially under arid or semi-arid conditions, water and nutrients are supplied simultaneously (fertigation). Under drip irrigation system water and nutrients have been used in highly efficient way.
Water stress (commonly known as drought) can be defined as the absence of adequate moisture necessary for normal plant grow and to complete the life cycle (Zhu, 2002) . The lack of adequate moisture leading to water stress is common occurrence in rain fed areas, brought about by infrequent rains and poor irrigation (Wang et al., 2005) . Water deficits affect every aspect of plant growth, including the anatomy, morphology, physiology and biochemistry. In maize, the reduction in grain yield caused by drought ranges from 10 to 76% depending on the severity of the drought and the growth stage at which it occurs (Bolaoos et al., 1993) .
Maize is one of the most important cereal crops in the world. Moisture stress is an important factor affecting the growth of maize, especially in arid and semiarid regions (Eissa et al., 2013) . Maize has been reported in the literature as having high irrigation requirements and sensitive to water stress (Rhoads and Bennett 1990; Stone et al., 2001) . In arid and semi-arid regions, the daily evapotranspiration rates of maize often exceed 10 mm day -1 for significant time periods (Howell et al., 1995) . Maize are crops with high water requirements, have the ability to tolerate a short period of drought. However, water stress influences various physiological and biochemical processes. This may inhibit plant growth, decrease developmental activities of the cells and tissues and cause a variety of morphological, physiological and biochemical modifications. In contrast to other stress factors, drought stress does not occur abruptly, but develops slowly and increases with time in intensity and cause damages (Larcher, 2003) . Drought affects water and nutrient supply to the plants thus affecting adversely plant development and yield (Jones and Qualset, 1984; Erdem et al. 2001) . Water, being a universal solvent, is required for most of the metabolic activities of a plant and its shortage is expected to affect various physiological and biochemical processes in plants. Maize is one of the most important crops in the world and using drip irrigation in its production is commonly known. Irrigation and fertilization are crucial fac-tors for successful establishment of annual food crops such as cereal crops (Eissa et. al., 2013; Konopka et. al., 2009 ). Maize is a major cereal crop in Egypt due to its importance in human nutrition, animal and poultry where intervention in the industry dry feed rates of up to 70% and in the baking industry by 20%, and also intervened in some industries such as extraction of glucose, fructose and oil.
The present research aims to determine the effect of water deficit treatments on: (1) the plant growth, (2) the N, P, and K uptake, (3) yield and yield components and (4) water use efficiency of maize in the semiarid conditions.
Materials and Methods Field experiment
The present investigation was carried out at the Agricultural Experimental Station farm of the Faculty of Agriculture, Assiut University, Egypt, which is located around the point of 27 o 12 N latitude and 31 o 09 E longitude and at 51 m altitude. The soil was classified as TypicTorri Fluvents according to Soil Taxonomy (Soil Survey Staff, 2014) . The main physical and chemical properties are summarized in Table 1 . The experiment included two irrigation regimes (100% of water requirements and 75 %water requirements). The experimental design was randomized complete block design (RCBD) with three replicates. The experimental site was irrigated using a drip irrigation system. The in-line GR dripper laterals were installed 0.7 m apart. The emitters were spaced 0.30 m apart with a flow rate of 2.1 L h −1 . Maize grains (Zea mays L., cv Single Hybrid 10) at rates of 24 kg ha −1 were sown on the 14 th June, 2014 and the 13 th June, 2015 in the first and second season, respectively. Grains were sown on one side of the dripper's jet. Two grains were drilled in holes 3-4 cm deep and at 30 cm distance between plants spacing along the drip line and after 15 days the plants were thinned at one plant per each. The approximate plant population was 48000 plants per ha. All the agriculture practices were applied at the recommendations set by the Ministry of Agriculture and Land Reclamation (Egypt) . 630 kg urea (46%N) per hectare was applied with the irrigation water at five equal doses applied weekly, started after 15 days of sowing, 149 kg of calcium super phosphate (15.5% P 2 O 5 ) per hectare was added directly to the soil in one dose before planting. Potassium fertilizer at a rate of 120 kg potassium sulphate (48% K 2 O) per hectare was added with the irrigation water in two equal does after 37 days and 50 days of planting to conserve it from teaching fertilizer rates. Each value represents a mean of three replicates
Calculation of irrigation water requirements
The daily reference evapotranspiration (ET o ) was estimated using Penman-Monteith's modified equation (Allen et al., 1998) . The actual evapotranspiration (ET c ) was calculated according the equation (ET c = ET o × K c ). K c values used for maize were 0.60, 0.83, 1.20, 0.90 for growth stages initial, development, mid, and end, respectively (Allen et al., 1998) . Based on the climate data in Table 2 , the ET c values for maize were calculated. The estimated ET o was 698 and 687 mm and the ET c was 645 and 634 mm in 2014 and 2015, respectively. The total irrigation water requirement during the whole growth season was 8344 and 8209 m 3 ha −1 in the first and second season, respectively (the application efficiency for drip irrigation (Ea = 85%) and the leaching fraction was considered as 10% of water requirement). The irrigation treatments started after 20 days of transplanting. During the first 20 days (initial stage), the maize plants were irrigated according to the calculated irrigation requirements, while in other stages (development, mid, and end) the plants irrigated by 100 or 75% of water requirements. Water use efficiency (WUE) was calculated using the equation (WUE = GY / ET c ), where GY equals grain yield, ET c equals seasonal actual evapotranspiration (mm). Irrigation water use efficiency (IWUE) was estimated using the formula (IWUE = GY / IW), where IW equals seasonal crop water applied (mm). The data in table 3 show the actual evapotranspiration, consumptive water use and irrigation water applied at different maize growth stages during the summer seasons of 2014 and 2015. 
Calculation of water consumptive use (CU)
Actual evapotranspiration was estimated by the sampling method and calculated according to the following formula:
C.U = {D x Bd x (Q 2 -Q 1 )/100}/ P Where:
C.U. = actual evapotranspiration (cm). D = soil depth (cm). Bd = bulk density of soil (Mg/m 3 ). P = water density (Mg/m 3 ). Q 2 = the percentage of soil moisture one day after irrigation (field capacity) Q 1 = the percentage of soil moisture before next irrigation.
Soil water content was monitored before and after each irrigation event starting 20 days after sowing at soil depth intervals of 0-30 and 30-60 cm. Soil samples were taken at positions immediately under the drippers by soil auger. The samples were weighted and then oven dried (105 o C). Percentage of soil moisture content at the tow depths was calculated on oven dry basis. The amount of water consumed in each irrigation treatment was obtained from the difference between soil moisture content before the following irrigation and one day after irrigation (field capacity).
Collection of plant samples
Composite plant samples, each consists of three plants, were taken from each experimental unit after 60 days of planting. Plant height and fresh weights were recorded. These samples were cleaned, washed with tap and distilled water, air dried, then dried in oven at 70 o C until constant weight, ground and stored for chemical analysis. Maize plants were harvested on October 7 th , 2014 and October 8 th , 2015 in first and second seasons respectively and the grain and total yield were recorded. Also, weights of ears, weight of grain per ear and seed index (100 seeds) were recorded grain and straw samples from each experimental unit were taken.
Soil and plant analysis
Composite soil sample was collected before cultivation from the ar (0-30, 30-60) cm. Air-dried, crushed, and sieved through a 2-mm sieve. Then, the main physical and chemical properties of were determined according to Burt (2004) . soil bulk density was determined using undisturbed soil samples of the different layers of the soil profile using cylinder method (Klute, 1986). The particle size distribution of soil samples was carried out according to the international pipette method (Klute, 1986) . Soil pH was measured in 1:2.5 soil to water suspension using a digital pH meter. The electrical conductivity of the saturated soil paste (EC e ) was estimated using the salt bridge method (Rhoades, 1982) . Organic matter was determined wet oxidation method by (K2Cr2O7 1N and H2SO4 conc.) and titrating with standardized 0.5 M [(NH4)2SO4.FeSO4.6H2O] according to (Jackson, 1973) . Total calcium carbonate content was determined using a collins calcimeter. Available soil nitrogen was extracted by 2 M potassium chloride, and then nitrogen in the extract was determined using micro-kjeldahl method Burt (2004) . The soil available phosphorus was extracted using 0.5 M so-dium bicarbonate solution at pH 8.5 according to Olsen et al. (1954) . The ratio of the soil to extract ant was 1:20and extract was filtered and measured calorimetrically using stannous chloride phosphomolybdicsulfuric acid system as describe by (Jackson, 1973) . Available potassium was extracted by (ammonium acetate 1M at pH 7 ratio 1: 10) method and measured by flame photometry (Jackson, 1973) .
Plant samples were digested in H 2 SO 4 and H 2 O 2 as described by Parkinson and Allen (1975) then were analyzed for N, P, and K as described by Page et al. (1982) .
Statistical analysis
Data obtained in each season were statistically analyzed. 
Results and Discussion 1. Effect of water stress on the growth of drip irrigated maize
The data in Fig. 1, 2 , and 3 show the effect of the irrigation levels on the growth of 60 days-old maize. The irrigation of drip irrigated plants by I 100 significantly (P<0.05) increased the plant height and fresh and dry weights by 5, 12, and 3% in the first season and by 6, 11, and 8% in the second season compared to I 75 . It is clear that all the measured growth characters negatively affected by the lower water supply treatment as compared with the normal water supply treatment in both seasons. These results are in agreement with those ob- (2004), Galbiatti et al. (2004) and Omran (2005) who concluded that yield and its attributes of maize plants were gradually increased as a result of increasing in the availability of soil moisture content. The availability of water is an important factor in the growth of maize plants. Maize is one of the most efficient field crops in producing higher dry matter per unit quantity of water (Viswanatha et al., 2002; Megyes et al., 2005) . Meleha (2006) reported that growth of maize is highly related to irrigation depth and it increases with increasing the irrigation level. These results are in harmony with those obtained by Abd El-Hafez et al. (2008) , Abdel Maksoud et al. (2008) and Kara and Biber (2008) . Sci., (48) No. (1-1) 2017 (331-346) ISSN: 1110-0486 Website: http://www.aun.edu.eg/faculty_agriculture E-mail: ajas@aun.edu.eg 2. Effect of water stress on the N, P, and K uptake by drip irrigated maize Nitrogen (N), phosphorus (P), and potassium (K) concentrations and uptake by 60 days-old maize affected significantly (P<0.05) by the irrigation levels as shown in Table 4 . Increasing the irrigation level to 100% of water requirement increased the uptake and concentrations of N, P, and K in the shoot tissues of 60 daysold maize. Nitrogen concentrations in the shoots of maize irrigated by I 100 were higher by 22 and 4% than those irrigated by I 75 in the first and second season, respectively. Phosphorus and potassium concentrations in the shoots of maize irrigated by I 100 were higher by 16 % than those irrigated by I 75 in the first season. Uptake of N, P, and K by maize irrigated by I 100 increased by 11, 7 and 16% in the first season and by 13, 11 and 15 % in the second season compared to that irrigated by I 75 . The current study clearly showed that water stress reduced the concentrations and uptake of N, P, and K by drip irrigated maize. From the previous results it could be mentioned that the increase of N, P and K% in maize plants may be attributed to increasing of soil moisture. As soil moisture content increased solubility and mobility of N, P and K are increased (El-Nagar, 2003; Othman-Sanaa et al., 2005; Ibrahim and Kandil, 2007) . Deficit irrigation had a negative effect on N, P, and K concentrations in the shoots of maize plants. As a result of vegetative growth reduction, the absorption of nutrient elements could be decreased (Pascale et al., 2001) . Similar results were obtained by Silber et al. (2003) . 
Effect of water stress on ears weight, grains weight per ear, and seed index of drip irrigated maize
The data in Table 5 show the ears weight (EW), grains weight per ear (GWE), and seed index (SI) of drip irrigated maize as affected by the irrigation treatments. In general the irrigation treatments have significant effects in the mentioned parameters. The low level of irrigation (I 75 ) caused a 9 and 5 increases in the ears weight (EW), grains weight per ear (GWE) in the first season and 7 and 10% in the second season compared to the high level of irrigation (I 100 ). Also the low level of irrigation (I 75 ) caused a 8 and 10% decrease in the seed index (SI) in the first and the second season compared to the high level of irrigation (I 100 ). The current study indicated that water stress increased the ears weight (EW) and grains weight per ear (GWE) of drip irrigated maize. Our results were in agreement with the results of Mansouri-far et al. (2010) . They reported that when the amount of water decreased, the seed index was decreased. Also, Ogretir (1993) re-ported that the application of deficit irrigation on maize at the flowering period decreased the seed index. 
Effect of water stress on yield and yield components of drip irrigated maize
The data in table 6 show the effect of irrigation treatments on the yield of drip irrigated maize. Irrigation treatments did not have any significant effects on the biological yield of maize in the two seasons. The irrigation treatments affected significantly on the grain and straw yield in the first season, but did not have any significant effects on the second season. However, the grain yield of maize irrigated by I 75 was higher by 5 and 10% in the first and second season, respectively, compared to I 100 . Increasing the irrigation level to 100% of water requirements caused a 20 and 6% increase in the straw yield in the first and second season, respectively, also it caused a 20% increase in the biological yield in the first season. The data of the current study indicated that water stress caused a slightly reduction in the straw and biological yield of maize, on the other hand it caused a slightly increase in the grain yield. These results are in agreement with those obtained Hammad and Ali (2014) who studied the effect of irrigation treatments (irrigation after the depletion of 50 and 80% of available soil water) and they found that increasing irrigation level increased the plant highest and shoot dry mater biomass by 31 and 73%, respectively. Increasing the plant highest and dry mater biomass will increase the straw yield rather than grain yield. Our findings are in agreement with Zhang and Oweis (1999) , Zhang et al. (1999) and Kanga et al. (2002) . 
Effect of water stress on water use efficiency of drip irrigated maize
The data in Fig. 4 and 5 show the water use efficiency (WUE) and irrigation water use efficiency (IWUE) of maize as affected by the different irrigation levels. Irrigation treatments affected significantly in the WUE and IWUE in the two growth seasons. WUE was higher by 41and 56% in the first and second season, respectively, in the case of I 75 compared to I 100 . IWUE of the wheat plants irrigated by I 75 was higher by 41 and 40% in the first and second season, respectively, compared to I 100 . Under water stress water was used efficiently more than normal irrigation. The higher values of water use efficiency observed under water stress treatment as compared to normal irrigation was mainly due to less water applied for these treatments and the high obtained grain yield. These results are in agreement with those repents by Howell et al. (1995) . Zhang et al. (2004) reported that it is feasible to reduce irrigation amount in a certain growing stage of maize to maximize the irrigation water productivity. Deficit irrigation is one of the most important ways of maximizing water use efficiency (Bekele and Tilahun, 2007) .
Conclusions
A field study for two years was conducted to evaluate the response of drip irrigated maize to water stress. Increasing the irrigation water to 100% increased the plant growth, nutrients uptake, and biological yield of maize. The grain yield of maize irrigated by 75% of water requirements was higher by 5-10% than that received 100% of water requirements. Irrigation the drip irrigated maize by 100% of water requirements increased the vegetative growth rather and this increased the straw and lead to a slightly reduction in the grain yield. Under drip irrigation system maize can be irrigated by only 75% of water requirements without any loss in the grain yield. 
